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SUTURE MATERIAL FOR SURGERY. PROCESSES FOR ITS 
PRODUCTION AND THE USE THEREOF 

DESCRIPTION 

[001] The invention relates to suture material for surgery, processes for its production and 
the use thereof. 

[002] In the surgical treatment of injuries or illnesses in human or veterinary medicine the 
easy handling of suture threads is of considerable importance for a precise suture 
insertion, together with the durability thereof and complication-free healing after surgery. 

[003] Various surgical suture threads of natural and synthetic materials have been 
developed, which are modified for Improving their use characteristics. Thus, it is e.g. 
Icnown to coat multifilament suture material with fatty acid salts. 

[004] However, known coatings suffer from deficiencies with regards to the passing 
through and knotting behaviour. Metal salt coatings tend towards an undesired fluff or 
dust formation during use, Such coating materials also differ in their physiological 
behaviour, such as in the blodegradabillty thereof, compared with the suture materials to 
v/hich they are applied. In addition, the processes for the production of coated suture 
threads are very complicated and costly. 

[005] Therefore the problem of the invention is to make available a suture material, which 
overcomes the known disadvantages of the prior art materials, which Is easy and 
inexpensive to produce using conventional equipment and which can be used with 
advantage in surgery. 

[006] This problem is solved by a suture material for surgery comprising one or more 
filaments and formed with a coating, which is characterized in that the coating at least 
partly comprises a bioresorbable polymer, which is essentially fonmed from a random 
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terpolymer with a completely amorphous structure. In a preferred embodiment of the 
invention the bioresorbable polymer can be characterized by waxy properties. 

[0071 The raw or crude suture material used for coating according to the invention can be 
constaicted in known manner from natural or synthetic filaments in ways known to the 
expert. For example, it is possible to form monofilaments, multifilaments or combinations 
of monofilaments and multifilaments of different chemical types to provide suture material. 
Suitable synthetic filaments are biocompatible, resorbable or non-resorbable polymers 
such as homopolymers, copolymers, terpolymers or combinations thereof. Examples are 
polymers based on biocompatible monomers such as glycolic acid, glycolldes, lactides, 
dioxanones, lactones and the like. 

[008] With particular advantage with respect to the suture material the terpolymer can be 
formed using glycolide, e-caprolactone and trimethylene carbonate and in particular 
comprises the same. In place of a dimeric glycolide, it is possible to use glycolic acid» so 
that It is possible to regulate the molecular weight. In the terpolymer glycolide Is 
preferably present in a proportion of 5 to 50 wt.%, e-caprolactone in a proportion of 5 to 95 
wt.%. especially 5 to 90 wt%, and trimethylene caitonate in a proportion of 5 to 95 wt,%, 
especially 5 to 90 wt%. The weight proportions of the components trimethylene 
carbonate, 8-caprolactone and glycolide are chosen in such a way that together they 
represent 1 00 wt.% of the terpolymer. The terpolymer can also contain trimethylene 
carbonate and e-caprolactone in a weight ratio between 95:5 and 5;95, particularly in a 
weight ratio of 30:70 to 70:30 and preferably 50:50. 

[009] It has surprisingly been found that a high molecular weight polymer is suitable as a 
coating material for surgical suture threads for improving the suture material 
characteristics and in particular the knotting characteristics. Favourably Influenced 
characteristics are e.g. the knot run, knot seating, knot durability and knot safety. 

[010] A higher caprolactone proportion of 5 to 95 wt.% in the terpolymer has a favourable 
influence on the knot run of the surgical suture material coated therewith. In a preferred 
embodiment glycolide, caprolactone and trimethylene cartDonate can be present In the 
coating material terpolymer in a percentage weight ratio of 10-20/40-45/40-45, 
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[01 11 Advantageously the terpolymer is produced by random copolymerization of 
glycolide, e-caprolactone and trimethylene carbonate. The terpolymer can have an 
average molecular weight in the range of more than 30,000 Dalton. The terpolymer can 
have a glass transition point in the range -40 to +20''C and preferably '30 to 0°C. As a 
result of the amorphous structure and low glass transition point of the terpolymer, the 
coating composition according to the invention is plastic at room temperature. Another 
advantage of a suture material coated in accordance with the Invention with a terpolymer 
having a low glass transition point is its limited flexural rigidity and high flexibility. 

[01 2] To the advantage of the characteristics of the suture material according to the 
invention, the coating material, particularly the polymer, can have an inherent viscosity of 
0.4 to 3.0 dl/g, particularly 0.7 to 1.3 dl/g, measured in HFIP at ZS^'C and a concentration 
of 0.5 wt.%. 

{013] The coating material can also contain at least one monofunctional and/or 
polyfunctional alcohol. In particular, the coating material can contain monofunctional 
and/or polyfunctional alcohol in a proportion of 0.02 to 8 wt.%. The coating material can 
also contain at least one monofunctional and/or polyfunctional carboxylic acid, its 
anhydrides and/or esters. In particular^ the coating material can contain monofunctional 
and/or polyfunctional cariDoxyllc acid and/or derivatives thereof in a proportion of 0.02 to 8 
wt.%. In the production of the terpolymer, through the addition of molecular weight 
regulators such as the aforementioned alcohol and/or cartjoxyfic acid, together with their 
derivatives, it is possible to reduce the molecular weight of the polymer, so as to obtain an 
adequately plastic polymer, particularly a waxy polymer. Through an appropriate choice 
of the nature and quantity of the molecular weight regulator, the molecular weight can be 
adjusted in a desired manner. 

[014] Moreover by mixing a plasticizer or softener into the terpolymer according to the 
invention, the plasticity can be further increased. Preference is given to plasticizers which 
form a coriipatible mixture with the terpolymer without phase separation occurring. 
Examples of plasticizers usable according to the invention are fats and oils (e.g. castor 
oil), the esters and metal salts thereof, glycerin, diethyl phthalates, polyethylene glycol, 
polypropylene glycol, citrates and phosphates. 
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[015] The admixing or blending of a plasticizer can take place to the still hot polymer melt 
directly following on to the polymerization reaction or in a separate process stage. 
Account must be tal<en of the thermal stability of the plasticizer. In a preferre embodiment 
the coating agent can contain at least one plasticizer in a proportion of 1 to 30 wt.%. 

[016] Preference is given according to the Invention with respect to the suture material to 
the coating being formed from a combination of bioresorbable polymers with fatty acid 
salts, particularly calcium stearate and/or magnesium stearate. 

[017] The coating material can represent a very high proportion of surgical suture threads. 
In the suture material according to the invention, the coating agent or material can 
represent 0.2 to 50 wt.% of the total weight of the coated suture material. 

[018] A suture material formed in accordance with the invention is advantageously 
characterized by a good knot holding capacity and improved knot run behaviour compared 
with known suture materials. 

[019] The present invention also relates to a coating material for surgical suture material 
essentially formed from a bioresoriaable polymer and in particular essentially fonmed from 
the terpolymer as described hereinbefore. In a prefenred embodiment the coating material 
can be substantially fonned from a waxy, bioresorbable polymer. 

[020] Advantageously, with respect to the coating material, the teipolymer can be applied 
to the suture material in the fluid state without solvent, particularly in the melted state. 

[021] In a preferred embodiment the coating material can be formed from a combination 
of the bioresorbable polymer with fatty acid salts, particulariy calcium stearate and/or 
magnesium stearate. 

[022] The decomposition of the surgical suture material coating according to the invention 
takes place in the body of an animal or human by hydrolysis and the body and tissue 
fluids participate in the latter. As a result of the hydrolysis the polymer chain is cleaved 
into smaller and more readily soluble fragments, If appropriate, the fragments are further 
decomposed accompanied by the participation of macrophages. The decomposition 
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products are transported away by the metabolic system and are discharged from the 
organism as metabolic scums or as carbon dioxide and water. For a good compatibility of 
the coated suture material in the patient, it is important that during the decomposition 
process there is no formation or concentration of harmful metabolites, Polyglycolic acid is 
in particular characterized in that during its decomposition in vivo no toxic degradation 
products are formed. The trimethylene carbonate and caprolactone used as comonomers 
according to the invention are also characterized by good compatibility and the avoidance 
of toxic reactions. The degradation behaviour of the terpolymer according to the invention 
can be modified by varying the total gycolide proportion in the polymer, because in 
comparison with polytrirnethylene carbonate and poly-e-caprolactone, polygycolic acid has 
a much shorter degradation time. 

[023] The invention also relates to a process for the production of a suture material for 
surgery comprising one or more filaments with a coating and which is characterized in that 
the coating tal^es place by the application of a bioresorbable polymer, which is essentially 
formed from a random terpolymer with a completely amorphous structure. In a preferred 
embodiment of the invention a waxy, bioresorbable polymer can be applied. 

[024] In the process according to the invention, for coating the suture material it is 
possible to apply a solution of the terpolymer in which said terpolymer is used dissolved in 
an organic solvent selected from the group of non-toxic, organic solvents, esters, ketones 
or mixtures thereof. Examples of such solvents are esters such as ethyl acetates and 
other acetic esters, ketones such as acetone or solvent mixtures. For a coating solution, 
the terpolymer is preferably dissolved in a concentration of 0.1 to 10, particularly 0.5 to 5 
wt.%. Coating solutions prepared for application are advantageously characterized by 
their stability, even in high concentrations, 

[025] In a special embodiment of the process, the surgical suture material for coating can 
be passed through a solution of the terpolymer. Advantageously the thread is drawn 
under a slight tension through the coating bath. In general, the coated thread can be 
supplied to a drying stage directly after extraction from the solution and without any 
intermediate treatment, such as e.g. stripping. 
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[026] In a preferred embodiment for coating on the suture material a solution of the 
terpolymer can be applied by means of a softening stfcl<, 

[027] In addition, coating can tal<e place by one or more applicator rolls or in other ways 
known to the experts. 

[028] With particular preference coating can take place at a temperature up to 40^*0 and 
in particular at room temperature. Advantageously, in the process according to the 
invention, following application of the coalting the suture material can be dried using a 
heating device at 80 to .160°C, particularly 130X. The suture material is preferably 
passed in contact-free manner through t\}e heating device. In general, the suture material 
is not heated to the drying temperature in order to avoid damage to the polymer. It is in 
particular possible to carry out drying by blowing on heated gas, e.g. warm air. To remove 
solvent residues, a further drying stage can be performed at reduced pressure, in the 
range of a few millibars. 

[029] When coating using a solution of the polymer, the solvent is evaporated from the 
coating during the drying process, so that following the removal thereof the coating 
remains on the suture material in the dry; state. Thus, with limited technical effort, in a 
short time and at low cost a very uniform coating is obtained. 

[030] In a special embodiment of the process according to the Invention, the coating with 
terpolymer can take place in the fluid, particularly melted state, 

[031] In a further development, the inventive process can be characterized in that the 
coating takes place with a bioresorbable: polymer combined with fatty acid salts, 
particularly calcium stearate and/or magnesium stearate. 

[032] The present invention also relates to the use of a bioresorbable polymer, which is 
preferably forrfied essentially from a random terpolymer with a completely amorphous 
structure as a coating agent or material, particularly on suture material for surgery. A 
preferred embodiment of the invention can be characterized by the use of a waxy 
bioresorbable polymer as the coating material. 
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[033] Further features and details of the invention can be gathered from the following 
description of preferred embodiments in the form of examples. The individual features 
can be implemented alone or in subcombinations. The examples merely illustrate the 
invention and in no way restrict the same. 

Example 1 

[034] 250 g of a random terpolymer with the composition glycolide/trimethylene 
carbonate/e-caproiactone 10/45/45 wt.% are dissolved, accompanied by stirring, in 9750 g 
of ethyl acetate. The solution is fed into a storage vessel ancJ recirculated by pumping 
through a smaller container maintained at 22'C. A braided ^urgical suture thread of 
thickness USP 2/0 of polyglycolic acid is passed through thel solution in the small 
container and coated with said solution. Immediately thereafter the thread is passed 
through a heating duct kept at 140'C and the solvent evaporates. The solvent residue is 
dried with dry air at approximately 50°C. Approximately 2 wt.% solid constituents remain 
on the smooth, homogeneously coated suture material. 

[035] The suture thread has excellent knot njn characteristics, both in the dry and in the 

I 

wet state. A coated suture thread of thickness USP 1 has comparable characteristics. 



I 



Example 2 j 

i 

! 

[036] 350 g of a random terpolymer of composition glycolide/trimethylene carbonate/e- 
caprolactone 10/60/30 wt.% are dissolved, accompanied by;stirring, in 9650 g of ethyl 
acetate. The solution is fed into a storage vessel and recirculated by pumping into a 
smaller container kept at 22°C, A braided surgical suture thread of thickness USP 3/0 of 
polyglycolic acid is psssed through the solution in the small jjontainer and coated with said 
solution. Immediately thereafter the thread is passed through a heating duct maintained 
at 160°C and the solvent is evaporated. The solvent residue Is dried with dry air at 

i 

approximately 50*C. Approximately 3 wt.% solid constituents remain on the smooth, 
homogeneously coated thread. | 

i 

! 

[037] The suture material has excellent knot run characteristics, both In the dry and wet 
state. A coated suture thread of thickness USP 1 has comparable characteristics. 
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Example 3 

[038] 300 g of a random terpolymer having the composition glycolida/trimethylene 
carbonat8/€-caprolactone 20/40/40 wt.% are dissolved, accompanied by stirring, in 9700 g 
of acetone. The solution is fed into a storage vessel and recirculated by pumping into a 
smaller container kept at 25*^0. A braided thread of thickness USP 2/0 of polyglycolic acid 
is passed through the solution in the small container and coated with said solution, 
Immediately thereafter the thread is passed through a heating duct> maintdned at 160^C 
and the solvent evaporates. The solvent residue is dried with dry air at approximately 
SO'^C. Approximately 3 wt% solid constituents remain on the smooth, homogeneously 
coated thread. 

[039] The suture thread has excellent knot run characteristics, both in the dry and wet 
state. A coated suture thread of thickness USP 1 has comparable characteristics. 



